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Exaggerated carbohydrate-induced calciuria
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Wisconsin
Exaggerated carbohydrate-induced calciuria in the remaining
kidney of transplant donors. Calcium excretion by the remaining
kidney of transplant donors must double in order to maintain
homeostasis, assuming that calcium accession from gut and bone
is unaltered following unilateral ncphrectomy. We have per-
formed clearance studies on 12 donors and six normal subjects
in order to characterize the pattern of calcium excretion by the
remaining donor kidney as compared to normals, and to deter-
mine if an alteration in the calciuric response to carbohydrate
ingestion occurs in this setting. Urinary calcium excretion in the
remaining donor kidney exceeded that of one kidney in normals
by approximately two-fold. Increased excretion was due to an
increase in filtered load of calcium associated with an increase in
fractional excretion. A similar increase in the rates of magnesium,
phosphate, sodium and potassium excretion was also observed
in donor kidneys. Following ingestion of 150 g of glucose, the
maximum absolute increment in the rate of donor kidney calcium
excretion was 108% greater than that observed in each kidney
of normals. Also, there was an associated accentuation of the
normal carbohydrate-induced effect upon magnesium and po-
tassium excretion. Thus, the remaining kidney of transplant
donors maintains homeostasis by doubling solute excretion.
In addition, the observed exaggerated effect of carbohydrate
ingestion on calcium as well as magnesium and potassium ex-
cretion is suggestive of altered metabolic activity within adapted
nephrons of the remaining donor kidney.
Calciurie exagérée, induite par les hydrates de carbone, du rein
restant des donneurs. L'excrétion du calcium par le rein restant
des donneurs doit doubler de facon a maintenir l'homéostasie,
si l'on suppose que l'admission du calcium par l'intestin et l'os
n'est pas modifiée par une néphrectomie unilatérale. Nous avons
réalisé des etudes de clearances chez 12 donneurs et 6 sujets
normaux de facon a: caractériser les modalités d'excrétion du
calcium par le rein restant du donneur, compare aux reins nor-
maux; et determiner l'existence éventuelle d'une modification
de Ia réponse aux hydrates de carbone dans cette situation.
L'excrétion urinaire du calcium par le rein restant du donneur
était approximativement le double de celle d'un rein normal.
L'augmentation de l'excrCtion était due a une augmentation de
Ia charge de calcium filtrée associée a une augmentation de
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l'excrétion fractionnelle. Une augmentation semblable des
debits d'excrétion du magnesium, du phosphate, du sodium et du
potassium par les reins restants des donneurs était egalement
observée. A Ia suite de l'ingestion de 150 g de glucose l'augmen-
tation absolue maximale du debit d'excrétion du calcium par le
rein restant était de 108% plus grande que celle observée dans
les reins normaux. Dc méme il y avait une accentuation simul-
tanée de l'effet normal des hydrates de carbone sur les excretions
de magnesium et de potassium. Ainsi le rein restant des donneurs
maintient l'homéostasie en doublant l'excrétion de substances
dissoutes. Dc plus, l'exagération des effets des hydrates de car-
bone sur l'excrétion de calcium aussi bien que celles de magne-
sium et de potassium suggère une modification de l'activité
metabolique dans les néphrons adaptCs du rein restant du don-
neur.
As of 1972 in the United States, more than 2,700 normal
volunteers had been unilaterally nephrectomized for the
purpose of kidney donation [1]. While it is generally assum-
ed that life expectancy is not shortened by unilateral ne-
phrectomy, there are no data specifically hearing on the
possible long-term consequences of the functional adap-
tations which must occur in the remaining kidney if
homeostasis is to be maintained. A major functional
adaptation relates to excretion of filtered solutes. If there is
no reduction in accession of a given solute to extracellular
fluid, then excretion must double if plasma concentration
is to remain unchanged. This could be accomplished either
by an increase in filtered load due to an increase in gb-
merular filtration rate or by a resetting of glomerulo-
tubular balance so as to permit a greater fractional excretion
of filtered solute, or by a combination of the foregoing.
Since calcium is a major constituent in 90% of all kidney
stones in the United States and hypercalciuria is the most
frequent metabolic derangement found in patients with
nephrolithiasis [2], it appeared important to examine the
excretory pattern of this solute in transplant donors as
compared to a single kidney of normals, both under basal
conditions and following the ingestion of carbohydrate.
The effect of carbohydrate ingestion is of interest, in that
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Lindeman et al [3] have observed a 100% increase in cal-
cium excretion in normals following ingestion of rapidly
metabolized nutrients such as glucose. Lemann, Piering and
Lennon [4] have observed that most calcium oxalate stone
formers and their relatives have an increased baseline
calcium excretion and that all of these subjects undergo an
increase in carbohydrate-induced calciuria following oral
glucose. In the present studies, we have attempted to char-
acterize the pattern of renal calcium excretion in the re-
maining kidney of transplant donors and to determine if,
in this setting, carbohydrate ingestion has a unique effect
on the excretion of calcium and other solutes previously
reported to be influenced by ingestion of rapidly metabolized
nutrients.
The excretion of calcium, magnesium, phosphate, sodium
and potassium was examined in 12 transplant donors and
compared to similar data derived from six normal subjects.
In both groups, baseline clearances were immediately
followed by oral glucose administration and then by addi-
tional clearance periods. The data indicate an approximate
two-fold increase in the excretory rate of calcium and
other solutes by the remaining donor kidney as a conse-
quence of both an increase in filtered load and fractional
excretion. In addition, the donor kidney undergoes an
exaggerated response to the ingestion of carbohydrate.
Methods
Clearance studies were performed on seven female and
five male kidney donors and on a control group of six
normal males. Donors had been nephrectomized for a mean
of 22 months prior to the study; their mean age was 37 years,
as opposed to a mean of 34 years in controls. No subject
was receiving any medication or had a personal or family
history of kidney stones. All subjects were on an unrestricted
diet and were known not to be in the habit of ingesting
unusually high or low quantities of protein, calcium or
sodium. There was no apparent difference between the diet
of normals as opposed to donors.
All subjects were studied after an overnight fast. A water
load of 20 to 30 ml/kg was administered during the three
hours prior to study. The resultant diuresis facilitated the
performance of all clearance studies without the necessity
of urethral catheterization. First, three baseline clearance
periods of approximately 20 mm were obtained. Standard
clearance techniques were employed [5]; venous blood was
obtained from an indwelling needle. Then, 150 g of glucose
(Glucola) was ingested and 40 mm later, five additional
clearance periods of approximately 20 mm in duration were
obtained (in three donors and two normals, only four
clearance periods were obtained). Urinary voljime was
replaced by oral hydration and by the sustaining infusion
containing inulin and 1251-iothalamate in 0.9% saline at a
rate of 5 mI/mm.
Glomerular filtration rate was measured by the clearance
of '251-iothalamate in all but two subjects. The clearance of
inulin was utilized as the measure of glomerular filtration
rate in these two subjects, both normals, as well as in all
donors prior to nephrectomy. This was justified, in that all
other subjects underwent simultaneous inulin and 1251-io-
thalamate clearances, and as previously reported [6], the
data were not significantly different.
Plasma and urine inulin were determined by an auto-
mated resorcinol method [7]. Gamma counting was per-
formed on one ml aliquots of plasma and urine for a
duration required to exceed 5000 counts, in order to deter-
mine the urine to plasma activity ratio of 125J Plasma and
urine concentrations of calcium and magnesium were deter-
mined by an atomic absorption spectrophotometer, the
serum ultrafilterable calcium and magnesium being esti-
mated after filtering the plasma through an Amicon "Cen-
triflo" filter in an atmosphere of 5 % CO2. Plasma and
urine phosphate were measured utilizing a modification of
Kraml's method [8], after precipitation of protein with 5%
trichloroacetic acid. Plasma glucose was determined by a
Technicon Autoanalyzer, while sodium and potassium
determinations were performed by flame photometry
utilizing an internal lithium standard. All urine samples
obtained following glucose ingestion were screened for the
presence of glucose with "Labstix" (Ames Laboratories);
on no occasion was there more than a trace of glucose
present.
Urinary excretion rates of calcium, magnesium, sodium
and potassium (UV) are expressed in absolute terms as
iEq/min/1 .73 m body surface area; phosphate excretion
rates are expressed as jig/min/1.73 m2 body surface area.
For comparative purposes the absolute urinary excretion
rates for the foregoing in normals were expressed per one
kidney, assuming that the one-kidney excretion rate
approximates 50% of the total excretion rate. Fractional
excretion of sodium, potassium and phosphate is calcu-
/UNVXIOO\lated as follows: a j. A correction factor of 0.95GFR "Na I
for the Donnan effect was used in calculation of sodium and
potassium fractional excretion. Fractional excretion of
calcium and magnesium was calculated in a similar manner,
except ultrafilterable plasma concentrations were utilized.
The results were analyzed for statistically significant dif-
ferences using Student's paired and non-paired t-test. All P
values stated are derived from a two-tailed test.
Results
Effect of glucose load on plasma glucose, glomerular fil-
tration rate (GFR) and urine volume. The plasma glucose
concentrations were similar in the 12 donors and six normal
subjects both before and after glucose loading. The control
plasma glucose concentrations were 90.4 2.3 mg/lOO ml
in the donors and 97±3.2 mg/100 ml in the normals. These
values are the mean of the three plasma values obtained
during baseline clearance periods, as is the case for sub-
sequently presented serum calcium, magnesium, phospho-
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rus, sodium and potassium values. After glucose the mean
plasma glucose values were 143.6 8.9 mg/100 ml in donors
and 140.3 12.2 mg/l00 ml in normals. These data are the
means of the three 20 mm clearance periods obtained from
one to two hr after administration of the glucose load.
Subsequently, data relating the effect of glucose on calcium,
magnesium, sodium and potassium excretion will also be
presented in this manner. The mean glucose concentration
for donors and normals for each specific clearance period
is indicated in Fig. 1. It should be noted that the maximal
level was similar for donors and normals (165 mgI
100 ml vs. 166 10.7 mg/lOO ml, respectively) and that
plasma glucose concentration was decreasing toward base-
line levels at the end of the study.
The control GFR in the donors was 77.5 3.4 mi/mm,
a mean increase of 44% over one-half of the respective
prenephrectomy inulin clearance for each donor. The GFR
in normal controls was lll.6±4.9m1/min. Glucose ad-
ministration did not significantly alter GFR in either group.
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Fig. 1. Mean plasma glucose concentration (mg/100 ml± SEM)
and mean rates of urinary calcium and magnesium excretion
(pEq/min/1.73 m2 SEM) in 12 kidney donors as compared to six
normals during control and then five experimental periods from
40 to 140 miii after the ingestion of 150 g glucose. Excretion data
for normals represents 50% of total excretion, so as to allow
comparison with the single kidney of donors.
Mean baseline urine volumes were similar in the two
groups (donors: 8.1 normals: 10.2± 1.8 ml/min).
After glucose loading the mean donor urine volume in-
creased slightly to 8.4 0.5 mI/mm, while the normals
decreased to 9.1 1.0 mI/mm, neither of these changes being
significant.
Calcium excretion (Table 1, Fig. 1). Mean baseline ex-
cretion of calcium in donors was significantly higher than
that of one kidney in normals' (P <0.025). This increase
in excretion was not due to a difference in serum calcium
(4.3 0.11 mEq/liter in donors vs. 4.3 0.12 mEq/liter in
normals) or ultrafilterable calcium (55.3 in donors
vs. 58.7±3.9% in normals) between the two groups. Since
GFR per nephron in donors had undergone a 44 % increase
following contralateral nephrectomy, a similar increase in
the filtered load of calcium occurred. This, along with an
associated increase in fractional excretion (Table 1), was
the basis for the greater than two-fold increase in rate of
calcium excretion by the donor as compared to one kidney
of normals.
Following glucose loading, the mean single kidney
calcium excretion rate in normals increased significantly
(Table 1). These data closely correspond with that pre-
viously reported in normals following administration of a
100 g glucose load [3, 4J. In donors, the increment in calcium
excretion during the period of maximum response after
glucose was 108% greater than in normals (P<0.05)
(Table 1). The filtered load of calcium (GFR x ultrafilter-
able calcium) was not significantly altered by glucose in-
gestion in either group. Baseline and post-glucose values per
kidney were 139 15 ,Eq/min/l.73 m2 and 131 16 j.tEq/
min/l.73 m2 in normals and 184±13 jiEq/min/l.73 m2 and
186± 11 j.tEq/min/l.73 m2 in donors. It should be noted
that in donors and normals, maximum calcium excretion
was reached at a time when the plasma glucose was re-
turning toward normal levels (Fig. 1).
Magnesium excretion (Fig. 1). Donor baseline magne-
sium excretion was more than double that observed in one
kidney of normals. Fractional excretion of magnesium was
7.20±0.63% in donors vs. 3.59±0.68% in normals
(P <0.05). Since donor vs. normal serum magnesium con-
centration (1.7 0.05 mEq/liter vs. 1.5 0.05 mEq/liter)
and ultrafilterable magnesium (72.4 2.4% vs. 74.8 6.3 %)
were not significantly different (P <0.1 and P <0.7, respec-
tively), the increased magnesium excretion in donors as
compared to one kidney of normals is due to an increase in
filtered load secondary to the aforementioned increase in
GFR per nephron in the donor kidney in association with
an increase in donor fractional excretion of magnesium.
After glucose, absolute magnesium excretion increased
significantly more in donors than in normals (5.17
In normals, all rates of excretion are expressed for one kidney.
It is assumed that these excretion rates for calcium as well as
magnesium, phosphate, sodium and potassium approximate
50% of the total excretion rate.
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Table 1. Calcium excretion per kidney and fractional excretion of calcium in 12 kidney donors and six normals before and after glucose
ingestion
Calcium excretion per kidney
pEq/min/1.73 m2 SEM
Fractional excr
%
etion of calcium
SEM
Donors Normals Donors Normals
Baseline (1)1
a) b)
5.96 0.89 2.59 0.5
a vs. b P<0.025
a)
3.15 0.39
b)
1.86 0.30
a vs. b P<0.05
After glucose (2)2 10.05± 1.13 4.96±0.79
a vs. b P<0.01
5.39±0.51 3.91
a vs. b NS
Difference (2—1) 4.09±0.53 2.37±0.51
avs.bNS
2.23±0.29 2.05±0.44
avs.bNS
Maximum response (3)3 12.5± 1.42 5.78±0.95
a vs. b P<0.001
6.14± 0.48 4.26± 0.6
a vs. b P<0.05
Difference (3—1) 6.54±0.87 3.19±0.57
avs.b P<0.05
2.99±0.31 2.39±0.44
avs.b NS
2 vs. 1 P<0.01 2 vs. I P<0.001
3 vs. I P<0.005 3 vs. 1 P<0.001
2 vs. I P<0.001
3 vs. I P<0.O01
2 vs. 1 P<0.005
3 vs. I P<0.001
Mean of three 20 minute baseline periods.
2 Mean of three 20 minute baseline periods from 1-2 hours after glucose ingestion.
Mean of the period showing maximum response to glucose load for this parameter.
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Fig. 2. Mean rates of urinary phosphate excretion (g/min/
1.73 m2 SEM) and urinary sodium and potassium excretion
(pEq/min/J.73 m2 SEM) in 12 kidney donors as compared to 50%
of that in six normals during control and then five experimental
periods from 40 to 140 mm after the ingestion of 150 g glucose.
• Donors
o Normals
iEq/min/1.73 m2 vs. 2.8 0.53 jsEq/min/1.73 m2; P <0.05).
As with calcium, glucose administration did not alter the
single kidney filtered load of magnesium (96 5 jsEq/min/
1.73 m2 before and 99 6 tEq/min/1.73 m2 after glucose in
donors vs. 62±4 jiEq/min/1.73 m2 before and 61±4 I.LEq/
mm/i .73 m2 after glucose in normals).
Phosphate excretion (Fig. 2). Donor baseline phosphate
excretion was 106% greater than in the single kidney of
normals (donors, 368.4 54.6 ig/min/l.73 m2; normals,
178.6 j.tg/min/l.73 m2; P<0.05). The mean serum
phosphate concentration was the same in donors as in
normals (2.89 0.13 mg/100 ml vs. 2.86 0.15 mg/lOO ml).
While mean fractional excretion of phosphate was higher
in donors (16.93±1.89% vs. 11.4±1.68%), this difference
was not significant (P <0.1) due to substantial scatter in the
data.
Donors and normals both underwent an increase in
phosphate excretion after glucose. However, this increase
for both groups is statistically significant only when maxi-
mum excretion periods are considered (P<0.Ol). Donor
kidneys did not exhibit a significantly greater glucose-
induced increment than normal kidneys.
Sodium and potassium excretion (Fig. 2). Donor baseline
sodium excretion was 126% greater than observed in the
single kidney of normals. Since the serum sodium concen-
tration in both groups (138.7 mEq/liter in donors vs.
14l.6±2.8mEq/liter in normals; P<0.2) was similar, the
foregoing was once again due to a greater GFR per nephron
and thus a greater filtered load in donors in association with
a greater fractional excretion (2.18 0.18% in donors vs.
1.38±0.23% in normals; P <0.02). The significant decrease
in donor sodium excretion following glucose (246 to 209
Control
Periods
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iEqfmin/1.73 m2; P<0.02) is of interest; the decrease in
normals following glucose was not significant (109 to
77 iEq/min/1.73 m2; P <0.05) nor was the difference in
absolute decrement between donors and normals.
During baseline studies, potassium excretion was signi-
ficantly greater (P <0.025) in the donor kidney than in the
normal kidney (Fig. 2), while serum potassium concen-
trations were similar (4.2±0.l7mEq/liter vs. 4.3
mEq/liter). After glucose, donors underwent an absolute
decrease in potassium excretion which was significantly
greater than the decrease noted in normal kidneys (63.5
9.88 jiEq/min/l.73 m2 vs. 31.8±5.36 iEq/min/l.73 m2;
P <0.05). Serum potassium after glucose was similar in the
two groups (3.9 0.21 mEq/liter vs. 3.9 0.14 mEq/liter).
Discussion
The present studies indicate a similar excretory pattern
within the remaining donor kidney for all solutes measured.
Excretion was greatly increased as compared to one normal
kidney, being very similar to the combined excretory rate
of both kidneys in normals. Thus, the plasma level of these
solutes was not elevated in donors as compared to normals.
Increased solute excretion by the donor kidney was due to
an increase in filtered load secondary to a 44% increase in
GFR per nephron following contralateral nephrectomy, in
association with an increase in fractional excretion.
While the mechanism responsible for the resetting of
glomerulo-tubular balance which allowed an increase in
fractional excretion of the foregoing solutes is unclear, it
has been observed that glomerulo-tubular balance for cal-
cium and magnesium is closely related to that for sodium
[9]. Resetting of glomerulo-tubular balance for sodium
occurs in direct relation to the degree of reduction in
nephron population in patients with chronic renal failure,
thereby serving to maintain ECF volume homeostasis [10].
It is likely that the increase in fractional sodium excretion
occurred on a similar basis in the donors studied herein and
that calcium and magnesium fractional excretion was in-
fluenced by similar mechanisms. Increased fractional ex-
cretion of potassium undoubtedly also was related to the
increase in fractional excretion of sodium, with the asso-
ciated increase in distal presentation of sodium [111. While
glomerulo-tubular balance for phosphate has been shown
to be influenced by extracellular fluid volume [12], hyper-
parathyroidism associated with a decrease in nephron po-
pulation cannot be ruled out as a contributing factor.
The observed pattern of calcium excretion would appear
to predispose the single kidney capable of normal urinary
concentrating ability to an increased incidence of nephro-
lithiasis. That single donor kidneys maintain integrity of the
concentrating mechanism is indicated by a previous study
of 16 donors wherein the single kidney attained a mean
osmolality of 952 mOsm/kg of water after 14 hours of water
deprivation [13]. Nevertheless, it should be emphasized that
the single kidney must also double its excretion of water if
homeostasis is to be maintained. Thus, a doubling of cal-
cium excretion is associated with twice the volume of urine.
Therefore, calcium concentration theoretically should not
increase in urine produced by the single kidney. Thus, given
consistency of other variables which govern solubility of
urinary calcium, the individual with a single kidney is
probably not a greater risk for stone formation in the basal
state. To our knowledge, in the more than 2700 normals
who have undergone nephrectomy as kidney donors [1],
there is no evidence as yet of an increased incidence of
nephrolithiasis.
However, when factors are introduced which result in an
increased urinary calcium excretion, the single kidney could
be at risk. While the maximum increment in calcium ex-
cretion induced by glucose in donors studied herein was
similar to the total maximum increment in normals, the
increment in normals was divided between two kidneys.
However, the load of calcium in donors was imposed upon
just one kidney, and was of similar magnitude to that ob-
served after administering oral glucose to stone formers and
their relatives [4]. In view of the foregoing, until more is
known regarding other multiple factors which influence
calcium stone formation and their possible alteration as a
consequence of functional adaptations within the single
kidney, it might be advisable for individuals with single
normal kidneys to avoid habitual heavy carbohydrate
ingestion during those hours when the urine is maximally
concentrated.
Although the mechanism of carbohydrate-induced cal-
ciuria is unknown, it could be related to increased accession
of glucose into renal tubular cells and the associated pro-
duction of an intracellular acidosis [14], in that ammonium
chloride-induced acidosis substantially increases calcium
excretion in normals [15]. Increased net acid excretion
following carbohydrate ingestion in normals is consistent
with the foregoing mechanism [141, as is the associated
decrease in potassium excretion [3] which could result from
preferential exchange of sodium for hydrogen ions present
in excess concentration within the distal tubular cell. In the
present studies, potassium excretion decreased 100% more
in donor than in normal kidneys. This magnified decrease
in donor potassium secretion might indicate an increased
glucose-induced production of hydrogen ion within the
hypertrophied renal tubular cells of the donor kidney. It is
of additional interest that donor sodium excretion signi-
ficantly decreased after glucose, suggesting that distal so-
dium transport was not diminished in the donor kidney in
that setting. Unfortunately, net acid excretion was not
measured in the present studies. However, if glucose did
induce a substantial increase in the generation of hydrogen
ion within the donor as compared to the normal distal
tubular cell, then a resultant accentuation of intracellular
acidosis in the donor kidney could be the basis for the
exaggerated inhibitory effect of glucose ingestion upon
donor kidney calcium and magnesium transport. Thus, it is
reasonable to speculate that the exaggerated carbohydrate
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effect which we observed in the donor kidney reflects an
adaptive increase of its metabolic activity in response to the
increased functional demands imposed by contralateral
nephrectomy.
Acknowledgements
This work was published in abstract form in the American
Society of Nephrology Abstracts, p. 11, 1971. This study
was supported by U. S. Public Health Service Grants
AM15512 and AM05630-10. Dr. Rieselbach is a recipient
of U. S. Public Health Service Research Career Develop-
ment Award lKO4 AM 18231 and is a Markie Scholar in
Academic Medicine.
Reprint requests to Dr. Richard E. Rieselbach, Department of
Medicine, University Hospitals, 1300 University Avenue, Madison,
Wisconsin 53706, U.S.A.
References
1. Personal Communication: American College of Surgeons,
National Institutes of Health Organ Transplant Registry,
Chicago
2. SMITH LH: Introduction, Symposium on stones. Am J Med
45:649—653, 1968
3. LINDEMAN RD, ADLER S, YIENGST MJ, BEARD ES: Influence
of various nutrients on urinary divalent cation excretion.
JLab Clin Med 70:236—245, 1967
4. LEMANN J, JR, PIERING WF, LENNON EJ: Possible role of
carbohydrate-induced calciuria in calcium oxalate kidney-
stone formation. New Engi J Med 280:232—237, 1969
5. Ssrm HW: Principles of Renal Physiology, New York, Ox-
ford University Press, 1956, p. 196
6. MAHER FT, NOLAN NG, ELVEBACK LR: Comparison of si-
multaneous clearances of 1-125 labelled lothalomate (Glofil)
and inulin. Mayo Gun Proc 46:690—691, 1971
7. STEELE TH: A modified semi-automated resorcinol method
for the determination of inulin. C/in Chem 15:1072—1078,
1969
8. KRAML M: A semi-automated determination of phospho-
lipids. C/in Chim Acta 13:442—448, 1966
9. POPOVTZER MM, SCHAINUCK LI, MASSRY G, KLEEMAN CR:
Divalent ion excretion in chronic kidney disease: Relation to
degree of renal insufficiency. C/in Sci 38:297—307, 1970
10. BRICKER NS: The control of sodium excretion with normal
and reduced nephron populations. The pre-eminence of
third factor. Am JMed43:313—321, 1967
11. GIEBISCH G: Renal potassium excretion in The Kidney,
Vol 3, edited by ROUILLER C, MULLER AF, New York,
Academic Press, 1971, p. 329
12. STEELE TH: Increased urinary phosphate excretion following
volume expansion in man. Metab 19:129—139, 1970
13. SHELP WD, RIESELBACH RE: Comparison of concentrating
mechanism in the transplanted kidney vs. the remaining donor
kidney (abstract). Am Soc Nephrol 3:60, 1969
14. LENNON EJ, PIERING WF, LEMANN J, JR: A possible me-
chanism for diminished renal tubular calcium and magnesium
reabsorption after glucose ingestion (abstract). Clin Res
16:388, 1968
15. LENNON EJ, PIERING WF: A comparison of the effects of
glucose ingestion and NH4CI acidosis on urinary calcium
and magnesium excretion in man. J C/in Invest 49:1458—1465,
1970
